The efficacy of two standard veterinary trypanocides, diminazene aceturate (Berenil-therapeutic) and isometamidium chloride (Samorin-prophylactic) was compared in albino rats experimentally infected with current field isolate of Trypanosoma brucei brucei (Federe strain). The study consisted of forty albino rats, divided into 8 groups of five animals each. The negative control was uninfected and untreated (Group 1), whereas the positive control was infected and untreated (Group 2). Other groups were treated intramuscularly with either 0.5 mg/kg or 3.5 mg/kg body weight of Samorin or Berenil respectively adopting different protocols. Groups 3 and 4 were treated the same day of infection with Berenil and Samorin respectively (treatment was before infection). Groups 5 and 6 were treated at patency (4 days post infection) with Berenil and Samorin respectively. Groups 7 and 8 were infected before treatment on the same day with Berenil and Samorin respectively, and re-challenged with the T.brucei brucei after four days. The results obtained 60 days post treatment showed that the difference between the efficacies of the two drugs was significant (P< 0.05). Berenil cleared the parasites more from the blood of the albino rats than Samorin. From the recorded values of the parameters (body weight, temperature, packed cell volume and parasitaemic profile), it was concluded that Berenil is a more efficacious trypanocide than Samorin, and is recommended as the drug of choice in the treatment of animal trypanosomiasis.
INTRODUCTION
Trypanosomiases consist of a group of important human and animal diseases caused by parasitic protozoa of the genus Trypanosoma (Barret et al., 2003; Harrington, 2011) .
Animal trypanosomiasis is a major constraint to livestock productivity in the tropics and subtropics and has a significant impact on the life of millions of people globally, mainly in Africa, South America and South East Asia.
In Africa, they assume a continental dimension, since the causative parasites are cyclically transmitted by tsetse flies, which infest some 10 million km 2 south of the Sahara (MacLeod et al., 2001; Torr et al., 2007; Matthews, 2011; Jacobs et al., 2011) . Livestock production constitutes an important component of Nigerian agricultural development, animal protein and raw materials for agro-allied industries; furthermore, the indirect impact of trypanosomiasis in Nigeria includes decrease in crop production, traction power and reduction in work efficiency of both man and animals (Ovbagbedia et al., 2010) . Animal trypanosomiasis has been identified as a major hindrance to the efforts to settle the Fulani nomadic grazers (Abenga et al., 2004) .
The repertoire of drugs to fight protozoa diseases such as Malaria, Chagas disease, Leishmaniasis and African trypanomiasis is woefully inadequate (Verlinde et al., 2002; Chatelain and Ioset, 2001; Gonzalez and Cerecetto, 2011) . Since it is unlikely that any new and less toxic drug will be developed for this disease in the near future, increasing attention is now being focused on the potential of existing compounds, either alone or in combination chemotherapy for improved efficacy and safety.
The three trypanocides commonly used in the control of animal trypanosomiasis in Africa are diminazene aceturate (Berenil), isometamidium chloride (Samorin) and homidium chloride (Novidium) (Geerts et al., 2001) ; although a prophylactic approach has been suggested as a better option over treatment of animal trypanosomiasis (Corbel and Henry, 2011) . However, in Nigeria, there is indiscriminate use of both drugs (Berenil and Samorin) by herd owners in the treatment of animal trypanosomiasis. Therefore, the aim of this study is to compare the prophylactic and therapeutic efficacy of two commonly used trypanocides, Berenil and Samorin, in albino rats using a current field isolate of Trypanosoma brucei brucei (Federe strain) as the infective test organism.
MATERIALS AND METHODS

Experimental rats
Forty albino rats of both sexes (put in separate cages according to sex) reared at the Animal House of the University of Jos, Nigeria, were used for the study. The animals were maintained at the Nigerian Institute for Trypanosomiasis Research (NITR), Vom in compliance with the Principles of Laboratory Animal Care (National Institute of Health Publication No. 86.23, revised 1985) . The bloods of the rats were screened for trypanosomes by wet film preparations to ensure that they were parasite free and uninfected prior to the commencement of the study. The animals were weighed and divided into eight groups of five rats each. Rats in each group were randomly chosen to ensure that rats having the same weight were not placed together in the same experimental group. Rats in each group were clearly marked and numbered, and were placed in separate wire cages. All animals were kept under the same management conditions and fed layers mash, maize offal and given water ad libitum in calibrated bottles. The study was carried out at NITR Vom, Plateau State, Nigeria.
Experimental design
The animals were divided into eight groups with each group consisting of five animals. Group 1 animals were not infected and not treated (Negative control). Group 2 animals were infected and not treated (Positive control). Group 3 animals were treated with Samorin and inoculated with parasite the same day. Group 4 animals were treated with Berenil and inoculated with parasite the same day. Group 5 were inoculated with parasite and treated with Berenil at patency. Group 6 were inoculated with parasite and treated with Samorin at patency. Group 7 were treated with Samorin and inoculated the same day and rechallenged after 4 days. Group 8 were treated with Berenil and inoculated the same day and re-challenged after 4 days.
Inoculation of rats with T. brucei brucei
A current field isolate of T .brucei brucei (Federe strain) which has been found to be very virulent in rodents in our laboratory maintained by serial passage in albino rats at the Nigerian Institute for Trypanosomiasis Research (NITR) Vom, Plateau State, Nigeria, was used for the inoculation. Blood was obtained from a donor rat and diluted with normal saline. A drop of the diluted blood was examined under the x10 and x40 objectives of the microscope. The procedure was carried out according to Herbert and Lumsden (1976) summarized thus: a wet film was made under a 7 x 22 mm cover glass. The film was examined under x400 magnification from a field chosen in which the cells are evenly distributed (the cells should not form more than one layer). The number of Trypanosoma in each field was counted and matched with log figure obtained from a reference table. When single or no Trypanosoma is seen in a selected field, a count is made in 5, 10 or 20 fields.
Drug administration
Berenil and samorin were administered intramuscularly at 3.5 mg/kg and 0.5 mg/kg body weight respectively. Aseptic precautions were observed before and after the drugs were administered.
Experimental parameters
Body weights
Body weights of each rat were determined by weighing an empty container and after which the rat was put inside the container and weighed. The actual weight of the rats was obtained by subtracting the weight contained of the empty container from the weight for the rats and the container.
Packed Cell Volume (PCV)
Packed Cell Volume was estimated by filling heparinized capillary tubes to about ¾ of their lengths with blood obtained from the pricked tail of the rats. The tubes were sealed at one end with cristasel and placed in a microheamatocrict centrifuge with the sealed ends outermost. The tubes were then centrifuged at 12,000 rpm for 5 minutes. The PCV values were then read with a Hawskey PCV reader as a percentage of packed red blood cells to the total volume of whole blood.
Rectal temperatures
Rectal temperatures were taken by inserting a clinical thermometer into the rectum of the animals and their temperatures read off.
Examination of experimental rats for parasites
Wet film preparation of blood obtained from the tail of each rat was examined daily and parasitaemia estimated according to the method of Walker (1968) which is summarized thus: a drop of blood was obtained from the tail-end of each rat by pricking with Lancet. The blood obtained was placed on a clean slide and covered with a cover slip. The preparation was then examined microscopically under x40 objective for the presence of parasites. The Log Equivalent Value (LEV) of the parasitaemia was determined using the formulae below depending on the nature of the parasitaemia. When there is high parasitaemia, the formula used is:
LEV= Log (Number of parasites per microscopic field X 1000) When there is scanty or low parasitaemia, the formula used is:
N F S B P S where N P M F = Number of parasites in microscopic field; N F S B P S = Number of fields searched before parasites was seen.
Monitoring of parasiteamia daily for disease progression, therapeutic or prophylactic assessment or relapse of infection continued for 60 days beyond clearance.
Statistical analysis
The data was subjected to analysis of variance (ANOVA).
RESULTS
Clinical signs
Clinical signs observed in groups 2, 5 and 6 rats included fever, emaciation, anorexia and edema. These signs gradually disappeared from groups 5 and 6 rats following treatment with Berenil and Samorin respectively. One case of mortality was recorded in group 2 rats from day 9 post infection.
Body weight
Rats in groups 1, 3, 4, 5, 6 and 7 showed an appreciable gain in weight. However, there was a slight decrease in the weight of rats in group 7 by day 7, but by day 14, the rats started to gain weight until the end of the fourth week, when the weights of the rats were no longer monitored (Figure 1 ).
Packed Cell Volume (PCV)
There was decrease in PCV values of rats in group 2 with increasing patency until all rats died by day 17 post infection. Slight fluctuations were observed in the PCV values of rats in the other experimental groups (Figure 2 ).
Rectal temperature
The rectal temperature was elevated in group 2 rats, until all the rats died by day 17 post infection. However, there was a stable mean rectal temperature of 37 o C in the other groups of rats (Figure 3 ). Figure 4 shows the level of parasitaemia in the experimental rats. Preexperimental screening of the rats by wet film preparation technique revealed no trypanosome infection. Trypanosomes were detected in the blood of the infected rats in groups 5 and 6, 3-5 days post infection (prepatent period). Mortality was observed in group 2 rats from day 9 till day 17 when all the rats died. Groups 5 and 6 rats treated at patency with Berenil and Samorin respectively became aparasitaemic 3 days after treatment. Group 3 rats (treated with Samorin and infected with parasite same day) were aparasitaemic all through the experimental period. However, in group 4 rats (treated with Berenil and infected with parasite same day) it was observed that rats number 1, 2 and 5 revealed parasites in their blood stream on day 3 post infection and treatment, but were not-parasitaemic days 4 and 6 post infection and treatment. Rats number 3 and 4 in the same group 4 were not parasitaemic throughout the study. It was observed that groups 7 and 8 animals which were infected and treated with Samorin and Berenil same day respectively and rechallenged with the parasites on day 4 post infection and treatment were aparasitaemic throughout the study. There was a significant difference (P<0.05) between the levels of parasitaemia in the different groups.
Parasitaemia
KEY: Group 1 -Not infected, not treated (Rx) ; Group 2 -Infected, not Rx ; Group 3 -Rx with Samorin, inoculated same day; Group 4 -Rx with Berenil, inoculated same day ; Group 5 -Inoculated with parasite, Rx Berenil at patency; Group 6 -Inoculated with parasite, Rx Samorin at patency ; Group 7 -Rx Samorin, inoculated same day and rechallenged after 4 days ; Group 8 -Rx Berenil, inoculated same day and re-challenged after 4 days; 
DISCUSSION
The results of the present study show that isometamidium chloride (Samorin) was a more efficacious prophylactic drug than diminazene aceturate (Berenil) even though diminazene which is rapidly excreted has been shown to have a prophylactic protection of 12 days against intravenous challenge with Trypanosoma congolense in cattle. In the present study, rats infected and treated with samorin on the same day developed resistance against infection, whereas rats infected and treated with berenil on the same day were parasitaemic. This is in agreement with the observation of Miruk et al. (2008) that berenil has no prophylactic effect.
The manifestation of parasitaemia in groups 2, 5 and 6 animals indicate that the breed of albino rats used in this study are susceptible to the T.brucei brucei (Federe strain) infection. However, the short prepatent period (3-5days) recorded shows the virulence of the strain (Ezeokonkwo and Agu, 2004) .
The experimental increase in the parasitaemia which led to the death of the entire rats in the untreated group within 9-17 days (pi) agrees with the observation of Eghianruwa and Anika (2012) that the survival period of T. brucei brucei infection is 1-4 weeks. Aparasitaemia without relapse beyond 60 days in animals treated with either Berenil or Samorin shows the efficacy of the drugs.
Clinical signs like fever, dullness, anorexia observed in rats in the present study are characteristic of animal trypanosomiasis. These observations are in conformity with those of previous workers Agu, 2003, 2004; Obidike et al., 2005 and Anene et al., 2006 .) Pyrexia which was a common feature in the infected experimental animals is a recognized clinical sign of trypanosomiasis in animals (Dargantes et al., 2005) . Pyrexia is due to the accumulation of tryptophan metabolite (tryptophol) in trypanosome infections. Accumulation of tryptophol in pharmacological doses in animals has been reported by Ezeokonkwo et al., (2007) to be responsible for rectal temperature changes or feverish conditions and in the humoral antibody response to heterologous antigen. Treatment with Berenil and Samorin reversed these changes.
There was no significant change (P>0.05) in the body weights of the experimental rats. This may be attributed to the acute nature of the infection as reported in the present study and in dogs by Ezeokonkwo et al. (2008) . Infection with T. brucei brucei had no adverse effect on the PCV values of the animals treated with Samorin and Berenil. However, untreated control (Group2) recorded fall in PCV values with concomitant increase in level of parasitaemia. This fall implies anaemic conditions in the animals. This is in conformity with the findings of Ezeokonkwo and Agu (2003) ; Obidike et al. (2005) ; Anene et al. (2006); Behnke et al. (2011) . Anaemia in trypanosomiasis has been attributed to a combination of factors, which include haemolysis by trypanosome, haemodilution and erythrophagocytosis (Taylor and Authie, 2004) .
Conclusion
The results of the present study strengthen the use of Samorin as a more efficacious prophylactic drug than Berenil which is more therapeutic. In conclusion, the indiscriminate use of these drugs by Fulani herdsmen in Nigeria in the treatment of animal trypanosomiasis should be discouraged through awareness creation by public enlightenment by the appropriate authorities. 
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